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????????????????????????????????????????
????????????????????????????????????????
??????????????? QOL ???????????????????????
????????????????????????????????? 
????????????????????????????????????
?STOP-NIDDM? ?????????-????????? (?-GI) ??????????
????????????????????????????????????????
????? 1)???????????????????????????????????
????????????????????????????????????????
?????????????????? 
? 1976??Yagi ??????????????? 1-??????????? (DNJ) ??
??????????????? 2)?????????????????????????
??????????????????????????? DNJ ? ?-????????
????????????????????????????? ?-GI ??????? 3)?
?????????????????? ?-GI ???????? DNJ ?????????
?????DNJ ?????????? (??????????????????????
???????? (HILIC) ?????????????????? (ELSD) ?????
?? HILIC-ELSD?) ???? 4)?DNJ ???????????????????????
?????DNJ ?????????????? 5)??????????????????
????????????????????????????????????????
????? 6)??? DNJ ?????????????????????????????
????????? DNJ ??????????????????? 
? ???????????????????????????????????????
?????????????????????????????????????????
DNJ ??????????????????????????????????????
?????????????????????????????? 7)???? 8)?????
????? 9) ??????????????????????????????????
?? (Fig. 1) ??????????????????????????????????
???????????????????????????? 11)???????????
?????????????? DNJ ????????????????? DNJ ????
?????????????????????? DNJ ????????????????
????? DNJ ?????????????????????????????????
??????????????? DNJ ???????????????????????
??????????????????????????????? 
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? 1 ?? ? ?-?????????????????? DNJ ????? 
 
? 1 ? ?-?????????????? 
????1-??????????? (DNJ) ??????????????????? ?-?
???????? (?-GI) ?????????DNJ ??????????????????
???????????? DNJ ???? 0.3 %???????????????????
????????????????????????????????????????
???????????? ?-GI ????????????????????? (??
DNJ) ???????????????????????????? DNJ ?????? 
DNJ ????????????????????? 
????????????? (? 750 ?) ?????????????????????
??? ?-????????????????????????????????????
????? 16SrRNA ????????????????????????? 
?????????????????? B4 ? AS385 ? 2 ??????????? 
16SrRNA ????????????????????????????? (Bacillus subtilis 
B4, Bacillus amyloliquefaciens AS385) ?????????? (Table 1, Fig. 2) ? 
 
 
 
 
 
 
 
Fig. 1 Microbial biosynthetic pathway of DNJ as proposed. 
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Species and strain Other designation or Source Identified ?-gulucosidase
inhibitory activity
B.subtilis  Marburg 168 ATCC 6051,NBRC 13719,DSM10
Type strain
B. subtilis subsp. subtilis -
Bacillus subtilis  var. natto Miura Miyagino Natto Seizousyo?Inc.
Miyagi Japan
B. subtilis subsp. subtilis -
Bacillus subtilis  var. natto Naruse Naruse Fermentation Laboratory Co.
Ltd.?Tokyo Japan
B. subtilis subsp. subtilis -
Bacillus subtilis  var. natto Takahashi Yuzo Takahashis' Laboratory
Yamagata Japan
B. subtilis subsp. subtilis -
Bacillus subtilis  var. natto K-2 Asahimatsu Foods Co.Ltd. B. subtilis subsp. subtilis -
NBRC101239 DSM 15029 Type strain B. subtilis subsp. spizizenii unknown
NBRC15539 ATCC 49337,DSM 7264 Type strain B. atrophaeus unknown
DSM7 ATCC 23350 Type strain B.amyloliquefaciens +
DSM704 ATCC 31324 Type strain B.amyloliquefaciens +
AS256 Rice straw?Tottori Japan B. atrophaeus +
AS275 Rice straw?Aichi Japan B.amyloliquefaciens +
AS384,AS385 Cheonggukjang Marketing product B.amyloliquefaciens +
AS422 Rice straw?Nagano Japan B.amyloliquefaciens +
A1,A2,A3,A4,A5,A6,A7,A8,B1,B2,B3,B5,
B6,B7,B8,C1,C2,C3,C4,C6,C7,C8,D1,D2,
D3,D4,D5,D6,D7,D8,E1,E2,E3,E4,E5,E6,E
7,E8,F1,F2,F3,F4,F5,F6,F7,F8,G1,G2,G3,
G4,G5,G6,G7,G8,H1,H2,H3,H4,H5,H6,H7,
H8
Douchi Marketing product B.amyloliquefaciens +
B4 Douchi Marketing product B. subtilis subsp. spizizenii +
A9,A10,A11,A12,B9,B10,B11,B12,C9,C10
,C11,C12,D9,D10,D11,D12,E9,E10,E11,E1
2,F9,F10,F11,F12,G9,G10,G11,G12,H9,H1
0,H11,H12,
Hamanatto Marketing product B.amyloliquefaciens +
Table 1 ?-GI activities of typical Bacillus strains measured in this study. 
Fig. 2 A phylogenetic tree based on a partial sequence of 16S rDNA (ranging 16 from 65 to 727 bp). 3
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? 2 ?? ? ?-????????????????? DNJ ???????? 
????? 1 ?????????????? ?-????????? (?-GI) ??????
???????????????????? (Bacillus subtilis B4?Bacillus amyloliquefaciens 
AS385) ?????????????????????????? DNJ ????????
? LC-MS/MS ?????????? 
????B4 ? AS385?????? DNJ ????????????????? Bacillus 
subtilis DSM704 ???????????????????????????? (????
?????????????????????) ???????????????????
????? LC-MS/MS ?????? 
????B4 ? AS385?DSM704 ???????????? LC-MS/MS ????????
?????????? DNJ ?????????? (Fig. 3) ?????DNJ ??????
?????????  2-amino-2-deoxy-D-mannitol (ADM) ?????????????
DSM704 ?????B4 ? AS385 ? DNJ ?????????????????????
?????????????????? AS385 ?? DNJ ??????????????
???? (Fig. 4) ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 HILIC–MS/MS analysis of DNJ and its precursors. (A) Shown is 
MRM chromatograms of DNJ of microbial (B. subtilis DSM704) 
culture medium extracts. 
 (B) Shown are MRM chromatograms of ADM, NJ, 
and DMJ, when microbial culture medium extracts were analyzed by 
HILIC–MS/MS with MRM (expansion mode). 
Fig. 4 DNJ and precursor (ADM, NJ, and DMJ) concentrations in medium 
of B. amyloliquefaciens AS385, (A), B, subtilis B4, (B), or B. subtilis 
DSM704, (C). Iminosugars in the culture medium were analyzed by 
HILIC–MS/MS. Data represent the means ± SD (n = 3). 
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? 3 ?? ???? DNJ ???????????? 
????? 2 ??????????????????????????DNJ ??????
???????????????????DNJ ???????????????????
? 2-amino-2-deoxy-D-mannitol (ADM) ????????????ADM ?? DNJ ????
?????????????????????????? DNJ ????????? DNJ 
????????????????????????? DNJ ?????????????
??????????????DNJ ?????????????????? 
????? 2 ????????????? DNJ ???????? Bacillus amyloliquefaciens 
AS385 ???????????????????????????? (????????
?????  2 ???? ) ????????????????????????? 
LC-MS/MS ?????gabT1 ????????? Real-time PCR ??????????? 
?????????????????????????????????? DNJ ????
?????  (Fig. 1) ???????????  DNJ ?????????????? 
2-amino-2-deoxy-D-mannitol (ADM) ? DNJ ??????????????? ADM ???
?????????????? 24 ????????????? (Fig. 5) ?????DNJ ?
???????????????????????????? gabT1 ?????????
??? (Fig.6) ?gabT1 ?????Amination ?????????????ADM ????
??????gabT1 ?????? 9-24 ????????????????????????
????gabT1 ?????? ADM ????????????????????????
?????? DNJ ????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Time-course changes of DNJ (A) and precursor ADM (B), NJ (C), and DMJ (D)) concentration in culture 
medium of B. amyloliquefaciens AS385. B. amyloliquefaciens AS385 was cultured at 37 °C with reciprocal 
shaking at 90 rpm for 0–5 days in a 500 ml shaking flask containing 50 ml of 4% soybean peptone 
supplemented with 5% carbon source (glucose or sorbitol). Iminosugars in the culture medium were analyzed 
by HILIC–MS/MS. Data represent the means ± SD (n = 3). 
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? 2 ?? Bacillus amyloliquefaciens DSM7 ??? DNJ ??????????? 
 
? 1 ?? ???? (C/N?) ? DNJ ????????? 
????? 1?????????????????????? DNJ???? DNJ????
????????????????????????????????????????
? ? Bacillus amyloliquefaciens AS385 ? ?  DNJ ? ? ? ? ? ? ? ? ? 
2-amino-2-deoxy-D-mannitol (ADM) ?????????????????????????
?????????????????????????????????????? 
Bacillus amyloliquefaciens DSM7 ?????DSM7 ? DNJ ??????????????
???????????? 
??????????????? ?-????????? (?-GI) ????????DNJ ?
?????????????????????????? Bacillus amyloliquefaciens DSM7 
???????? DNJ ?????????? DNJ ?????????????????
????????? DNJ ???????????? (C ???????????????
????????????) ?????? ?N??????????? ????????
???? 5 ?????????? DNJ ?? LC-MS/MS ?????? 
????C ??????????????????DNJ ????? 10 ????????
?????? (Fig. 7) ?????C/N ?? 6.25 ?C??2.5%, N??0.4%? ??????
??????? 1.2 g/L ???? (Fig. 8) ???????? DNJ ??????????
??? (data not shown) ?????? DNJ ????????????? 
 
 
 
 
 
 
 
 
Fig. 6 Time-course changes of gabT1 mRNA expression in B. 
amyloliquefaciens AS385. Data represent the means ± SD (n = 3). 
Fig. 7 DNJ concentrations in medium of B. amyloliquefaciens 
DSM7. B. amyloliquefaciens DSM7 was cultured at 37 
? with reciprocal shaking at 90 rpm for 0–5 days in a 
500 ml shaking flask containing 50 ml of synthetic 
culture medium supplemented with 1-7.5 % carbon 
source (glucose (A), galactose (B), lactose (C) or 
sorbitol (D)) and 0.07- 2.0 % nitro source (ammonium 
sulfate). DNJ in the culture medium were analyzed by 
HILIC–MS/MS. Data represent the means (n = 1). 
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? 2 ?? C/N ??????????????? DNJ ??? 
????? 1 ????????????C ? (?????) ? 2.5 % ???N ?? 0.4 % 
????????????????? (C/N ? = 6.25) ???? DNJ ?????????
?????????C/N = 2.5%/0.4% ??????????? DNJ ??????????
????? 
????C ????????????????????????? C/N ? = 6.25 ???
???????????????????????? DNJ ??????????????
??????????????????DNJ ????????????????????
?????????????????????????? ATP ????????????
???DNJ ????????????? 
????DNJ ??? 1-3 ?????????????????????????????
?????DNJ ??????????????? 5 ??????? ????? DNJ ?
?? 1g/L ?????????????????????????????? ATP ???
?????DNJ ?????????????????????????????????
? (Fig. 9) ???????????????? DNJ ?????????????????
?? DNJ ?????????????????? 4-5 ??????? DNJ ?????
???????????????????? DNJ ??????????????????
?? 
 
 
 
 
 
 
 
 
Fig. 8 DNJ concentrations in medium of B. amyloliquefaciens DSM7. B. 
amyloliquefaciens DSM7 was cultured at 37 ? with reciprocal 
shaking at 90 rpm for 0–5 days in a 500 ml shaking flask containing 
50 ml of synthetic culture medium supplemented with (A) 2.5% 
carbon source (lactose) and 0.2-0.9 nitro source (ammonium sulfate) 
or (B) 1.0-7.5% carbon source (lactose) and 0.4 nitro source 
ammonium sulfate). DNJ in the culture medium were analyzed by 
HILIC–MS/MS. Data represent the means ± SD (n = 3). 
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? 3 ?? ??????????? DNJ ??? 
????? 1 ??? 2 ????????????C ? (?????) ? 2.5 % ???N ?
? 0.4 % ????????????????? (C/N ? = 6.25) ???? DNJ ????
???????????????????? DNJ ?????????????? 
????? 2 ???????????????? (C/N ? = 6.25) ? DNJ ?????
??C ????????N ?????????????????????????? (?
???? 15N ????) ????????? 5 ???16L ?????????????
????????? (??????? IR-120B (H+) ) ??????????0.5 N ???
??????????????????????????????? (?????? 1 × 2) 
????????????????????????????????? DNJ ????
??? DNJ ??? (Fig. 10) ? 
????DNJ ??????? DNJ??????????? 10 ???????????
Fig. 9 (A) Shown is the time-course changes of DNJ concentration in culture medium of B. amyloliquefaciens 
DSM7. B. amyloliquefaciens DSM7 was cultured at 37 °C with reciprocal shaking at 90 rpm for 0–5 
days in a 500 ml shaking flask containing 50 ml of synthetic culture medium supplemented with 1, 2.5 
or 6.25 % carbon source (glucose or lactose) and 0.16, 0.4 or 1.0 nitro source (ammonium sulfate). 
(B) shown is the time-course changes of carbon concentration in culture medium of B. amyloliquefaciens 
DSM7 and (C) shown is the time-course changes of ATP concentration in cell of B. amyloliquefaciens 
DSM7. B. amyloliquefaciens DSM7. Iminosugars in the culture medium were analyzed by HILIC–
MS/MS. Data represent the means ± SD (n = 3). 
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? DNJ ? LC-MS/MS ?????????????????? DNJ ?????????
? (Fig. 11) ??? DNJ ?????????????? 1-deoxymannojirimycin (DMJ) ??
?????????? (Fig. 1) ????????????????? DNJ ??????
???????????????NMR ?????? DNJ ?????????????
?? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 3 ?? ?????????????????? 
 
? 1 ?? ??????????????????????? 
????? 1 ??? 2 ?????????????????????????????
?????????????????? DNJ ????????????????????
????????????????????????????????????????
??? 15N ?????????? DNJ ????DNJ ????????????????
?????????????????????????????? 
???????? DNJ ??????? DNJ (??? 3 mg/kg B.W) ??????????
????????????????????????????????? HILIC-MS/MS ?
??????? 
????????DNJ ??????? DNJ?????3 mg/kg B.W ??????????
???????????? LC-MS/MS ???????????????????????
?????DNJ ??????? DNJ (??? 3 mg/kg B.W) ??????? 0.5 ????
?????? (DNJ 4.5 ?g/mL, ???? DNJ 4.6 ?g/mL) ???????????????
???????? (Fig. 12) ?????? 24 ????????????????????
?????????? (Table 2) ??????????????????????????
Fig. 10 Crystal of DNJ 
9
Fig. 11 Shown is MRM chromatograms of labeled DNJ and labeled DMJ 
of microbial (B. subtilis DSM704) culture medium extracts, when 
microbial culture medium extracts were analyzed by HILIC–
MS/MS with MRM (expansion mode). 
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??????? 45? ?????????????DNJ ??????? DNJ ?????
????????????????????????????????????????
?????????????DNJ ????? DNJ ?????????????????
????????????????????????????? DNJ ???? DNJ ??
???????DNJ ???????????????????????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 12 Concentration of 1-deoxynojirimycin (DNJ) in rat plasma after a single oral administration of DNJ (A) or labeled DNJ (B). 
Time course changes in the DNJ concentration in the plasma of rats receiving DNJ (12 mg/kg of body weight). Data represent 
the means ± SD (n = 4). 
Table 2 Time course changes in the DNJ concentration in the urine and faces of rats receiving 
DNJ (12 mg/kg of body weight).
Compound Period In urine (mg) % of dose S.D. (dose)
0-24 h 1.38 46.0 4.21
DNJ 3mg 24-48 h 0.09 3.0 2.74
48-72 h trace trace -
0-24 h 1.32 44.0 4.37
labeled DNJ 3 mg 24-48 h 0.12 4.0 3.02
48-72 h trace trace -
Data represent the means ± SD (n = 4).
Compound Period In faces (mg) % of dose S.D. (dose)
0-24 h 0.79 26.3 3.78
DNJ 3mg 24-48 h trace trace -
48-72 h N.D. N.D. -
0-24 h 0.65 21.7 2.98
labeled DNJ 3 mg 24-48 h trace trace -
48-72 h N.D. N.D. -
Data represent the means ± SD (n = 4).
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?? 
 
???????????????????????????????????????
? 1-??????????? (DNJ) ?????????????????????????
???????????????????????? 
? 1 ?????? ?-????????? (?-GI) ??????????? DNJ ???
????????????????????? DNJ ???? DNJ ??????????
????????????????????????????? DNJ ?????????
???????????? 
? 2 ????DNJ ???????????????????????????????
? DNJ ??????????????????? DNJ ???????????????
???????????????????????????????DNJ ???????
??????????????????? 
? 3?????????? DNJ?????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??? 
???????????????????????????????????????
??????????????? 
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